Objective -To compare the accuracy of 4 different indices of cardiac risk currently used for predicting perioperative cardiac complications.
Preoperative clinical assessment of patients with suspected or documented cardiac disease is a common preoccupation of surgeons, anesthesiologists, cardiologists, and internists, because the surgical intervention is known to impose a circulatory overload on the organism, to which an ill heart is more vulnerable than is a healthy heart 1, 2 . Evidence of the occurrence of perioperative cardiac complications in a sufficient number of patients has accumulated, justifying all efforts to decrease their incidence. Approximately 1 million of the 27 million patients undergoing surgery in the US per year are estimated to have cardiac complications 3 . This problem is even more relevant when an increase in the life expectancy of the population is considered, resulting in a greater proportion of elderly individuals, because the prevalence of cardiovascular diseases increases with age. Coincidentally, the greatest number of surgical procedures is performed in this age group (individuals above the age of 65 years) 4, 5 . Several guidelines have been published to assess the cardiac risk for cardiac complications. All of them have emphasized the need for an accurate clinical assessment, identifying the clinical markers of increased perioperative cardiovascular risk, suggesting the use of cardiac risk indices 6 . This evaluation is particularly important because it can identify patients who need to correct their cardiac problems prior to surgery, many times causing a delay or even a cancellation of the procedure. Clinical screening is also vital, because it identifies high-risk individuals, who should be even more carefully monitored than they usually are. Therefore, if a cardiac event occurs, a rapid intervention may be performed in an attempt to decrease the negative consequences 3 . In addition, a clinical assessment is mandatory, because additional examinations or procedures, such as exercise or pharmacological stress tests, ambulatory electrocardiographic control, and coronary angioplasty, have failed to show a substantial effect in reducing perioperative cardiac morbidity, and, therefore, have been recommended only for select patients 6, 7 . Due to the fact that more than 90% of the surgical patients do not benefit from additional tests and procedures, which usually have high costs, a critical assessment of cardiac risk indices is essential, so they can be used in the most efficient possible manner 8 . Prior to the development of multifactorial indices specific for cardiac risk, the classification of the American Society of Anesthesiologists (ASA) was considered a good predictor of perioperative death 9 . However, it is not as efficient as the other indices, particularly in predicting cardiac events 10 . The cardiac risk index reported by Goldman et al 11 was the first multifactorial model specifically for perioperative cardiac complications to be widely used. Through extensive research, the authors identified 9 statistically significant and clinically important cardiac risk factors, and they attributed values to each of them. In the preoperative assessment, each factor is added, and the greater the sum, the greater the risk of cardiac death and life-threatening cardiac events (myocardial infarction, pulmonary edema, and ventricular tachycardia).
Detsky et al 12 added to the original model of Goldman the presence of angina and a remote history of myocardial infarction. The Detsky index was also modified when the American College of Physicians (ACP) suggested stratifying the patients into 3 risk groups 6 . Another model not so widely used, however, was developed by Larsen et al 13 . It differs from the original index proposed by Goldman et al, because it does not consider electrocardiographic alterations and particularly emphasizes angina pectoris, remote myocardial infarction, and a previous history of heart failure. Even though not frequently used, other risk models have been reported 14, 15 . Even though these indices have been validated and continue to be used, they have been largely criticized. They have limited value for the correct management of specific patients, because they do not consider some individual factors. For example, a patient with angina would have his surgical risk underestimated if he were assessed according to the index by Goldman et al, which does not consider angina as a risk factor 11 . Another problem with most multifactorial indices is the fact that they do not adequately value the type of surgical procedure performed and the imposed circulatory load. A review with guidelines for perioperative cardiovascular evaluation has been published by the American Heart Association/American College of Cardiology (AHA/ACC) to help clinicians in attenuating those difficulties 7 . Even though cardiac complications may constitute the most extensively studied area in perioperative medicine 3 , prospective studies assessing and directly comparing the accuracy of different indices of risk, which are currently used in large populations, are still lacking 8 . And this is exactly the objective of the present study.
Methods
We carried out an observational, prospective, longitudinal, controlled study, ie, a controlled cohort study, which initially assessed 141 patients at the wards of the surgical clinics of the Hospital Universitário of the Universidade Federal de Santa Catarina from 1996 to 2000. All patients undergoing a noncardiac surgical procedure and evaluated by a cardiologist, or a resident in internal medicine being trained in cardiology, in the preoperative period were included in the study.
Data were gathered in the wards of the surgical clinics as follows:
1) Data were collected from medical records to assess clinical history and physical examination at hospital admission with identification of signals and symptoms considered predictors, markers, or factors of increased risk for potential postoperative cardiovascular complications. The following anamnesis data, a physical examination, and complementary tests were considered relevant for the study: age; sex; color; whether patient was bedridden or somewhat ambulatory; history of acute myocardial infarction; history of anginal precordial pain; history of congestive heart failure; signs and symptoms of left ventricular dysfunction; presence of peripheral vascular insufficiency; history of valvular heart diseases; presence of electrocardiographic alterations; alterations in laboratory tests (electrolytes, glycemia, biochemical tests of renal and hepatic function); risk factors for heart disease (positive familial history of heart disease, diabetes mellitus, hypercholesterolemia, and systemic arterial hypertension); history of concomitant diseases in other systems; and the patient's nutritional status. In regard to the surgical procedure performed, the following characteristics were considered of interest: elective, urgent, or emergency surgery; type of surgeryvascular, abdominal, orthopedic, urologic, proctologic, or thoracic surgery.
2) Interviews with the patients to confirm data on history and physical examination, and also to complement information not recorded in the medical record. During this phase, the objectives of the study were presented to the patient, and his or her written consent to participate in the study was required.
3) During the surgery, the following cardiovascular complications were checked: acute myocardial infarction; congestive heart failure; cardiopulmonary arrest with asystolia or ventricular fibrillation or with electromechanical dissociation; supraventricular arrhythmias; ventricular arrhythmias; arterial hypotension or hypertension; cardiogenic shock; and death due to cardiac causes.
Postoperative acute myocardial infarction was defined as the presence of new Q waves on the electrocardiogram, associated or not with an important elevation in the CK-MB enzyme. Congestive heart failure was identified on physical examination by the presence of signals of left ventricular dysfunction, such as a 3rd cardiac sound, nocturnal paroxysmal dyspnea, orthopnea, jugular venous distension, acute pulmonary edema. Systemic arterial hypertension was defined as blood pressure levels > 140/90mmHg, and systemic arterial hypotension as systolic blood pressure levels < 90mmHg. Cardiogenic shock was considered when a combination of clinical signs of cardiac pump failure 3 3 5  3 3 5  3 3 5  3 3 5  3 3 5 occurred, among which we can cite the following: cold extremities, mottled skin, systolic blood pressure < 90mmHg, urinary output < 30 mL/h, low cardiac index (< 2 L/min/m 2 ), venous saturation of oxygen below 50%, and acidosis 17 . 4) On the 4th postoperative day, new information on postoperative cardiovascular complications was gathered from the medical records, and, if necessary, the patient underwent a new examination. As complications relevant to the study, we considered those already cited.
5) Then the patients were classified according to the 4 following indices of cardiac risk for noncardiac surgical procedures commonly used: the multifactorial index by Goldman et al 11 ; the index by Detsky et al 12 ; the index by Larsen et al 13 ; and the American Society of Anesthesiologists' physical status classification 9 . It is worth noting that, to better compare the indices, we used the Detsky risk index modified by the American College of Physicians, which divides the patients into 3 classes according to the following score: from 0 to 15 points, class I; from 20 to 30 points, class II; and over 30 points, class III 6 . It is also worth noting that, originally, the Larsen index was also not divided into classes. In this regard, we used the division suggested by Mangano and Goldman, which stratifies the values into 4 groups according to the risk estimated in their original article 18 : from 0 to 5 points (a 0.5% risk of complication); from 6 to 7 points (a 3.8% risk of complication); from 8 to 14 points (11%); and 15 points or above (a 58% risk of complication) 18 . In our study, each of these 4 risk groups was called class I, II, III, and IV, respectively.
The categorical variables were expressed according to their frequencies (number and percentage) and analyzed using the chi-square test. When the expected values were < 5, the Fisher exact test was used. The statistical significance value of P<0.05 was adopted.
To determine and compare the accuracy of different systems of stratification for each index, the areas under the receiver-operating characteristic (ROC) curves were calculated. The ROC curves were plotted on a graph with the values of sensitivity in the ordinate axis, and the proportion of false positives (1-specificity) in the abscissa axis. In regard to the interpretation of the ROC curve, the greater the area under the curve, the more accurate the diagnostic test is considered (in our case, the cardiac risk index). A good diagnostic test is the one whose area is closer to 100% of the area of the graph. Curves occupying 50% or less of the area of the graph indicate that the accuracy of the test is not better than the result that would be randomly obtained.
Sensitivity, specificity, and false positivity were calculated according to Fletcher et al 19 . The areas were compared using a nonparametric method according to the technique by Hanley and McNeil 20 (expected sensitivity between 60% and 75%). For this, specific software (ROC Curve Analyzer, developed by Robert M. Centor and Jerry Keightley) was used.
Data obtained were analyzed with the aid of the following software: Microsoft Excel ®, 5.0a version, Epi Info®, 6.0 version, and ROC Curve Analyzer.
Patients were instructed about the study objectives and methodology, and also about the absolutely voluntary character of their participation. Each patient provided a written informed consent. The protocol was approved by the Committee on Ethics and Research with Human Beings of the Universidade Federal de Santa Catarina.
Results
Initially, 141 patients were studied, of whom 22 (15.6%) did not undergo surgery. Stratifying the 141 patients assessed according to the index of cardiac risk by Goldman et al 11 , we observed that class III patients had their surgeries canceled more frequently ( fig. 1) (p<0.05) .
Of the 119 patients operated upon (84.4% of the total patients assessed), 19 (16%) had perioperative cardiovascular complications, such as arrhythmias, systemic arterial hypertension, systemic arterial hypotension, congestive heart failure, and acute myocardial infarction. No death due to cardiac causes occurred. The frequency of each complication is shown in table I. It is worth noting that 1 single patient may have had more than 1 event, and this is why the sum of the percentages in table I exceeds 100%. However, each case -defined as an event or a combination of events -was counted only once, adding up to a total of 19 patients with complications.
Of the 119 patients undergoing surgery, 82 (68.9%) were males and 37 (31%) were females. One hundred and fourteen (95.8%) patients were white and 5 (4.2%) were black. The mean age of the patients was 65±12 years (tab. II), 30 years and 89 years being the minimum and maximum ages, respectively. Table III shows the data obtained when the patients operated upon were studied in regard to a clinical history positive for risk factors predictive of perioperative cardiac complications 7 . Table IV shows the 119 patients undergoing surgery distributed according to the different classes of risk for each cardiac risk index, and each class was correlated with the presence of perioperative complications. None of the classes of the different indices correlated with an increased risk for perioperative complications (tab. IV). 
Discussion
In the present study, we obtained data on a determined population of patients undergoing preoperative cardiac assessment due to possible noncardiac surgical procedures. We compared the performance of 4 different cardiac risk indices currently used to predict perioperative cardiac events. In general, their performances were poor, and no statistically significant difference was observed between them.
The poor performances were shown by the reduced areas under the ROC curves of the indices analyzed ( fig. 2) . The greatest area was 0.48, obtained with the index by Goldman et al 11 , the ASA's physical status comparison 9 , and the index by Larsen et al 13 . The 4 stratifying methods did not significantly differ. These results confirm the recent findings by Gilbert et al 8 , who also obtained poor performances for all indices, even though they were slightly better than those we found. The values of the areas under the ROC curves found by those authors were: 0.62 for the ASA's index Source -data on assessment of surgical risk of patients staying at the surgical clinics of the Hospital Universitário of the Universidade Federal de Santa Catarina from 1996 to 2000. * As 1 patient may have had more than 1 type of complication, the sum of the percentages exceeds 100%. Source -data on assessment of surgical risk of patients staying at the surgical clinics of the Hospital Universitário of the Universidade Federal de Santa Catarina from 1996 to 2000. 1) One patient may have had more than 1 positive factor. 2) AMI -acute myocardial infarction. 3) According to the Canadian classification of angina pectoris 20 . 4) The patient should be bedridden due to noncardiac reasons. 5) The alterations considered in the laboratory tests were as follows: oxygen partial pressure (pO 2 ) < 60 mm Hg; carbon dioxide partial pressure (pCO 2 ) > 50 mm Hg; serum potassium (K) < 3.0 mEq/L; serum bicarbonate (HCO 3 ) < 20 mEq/L; urea > 50 mg/dL; creatinine > 3.0 mg/dL; and abnormal serum glutamic-oxaloacetic transaminase (SGOT). Based on the results obtained, one may infer that cardiac risk indices have a limited value for predicting cardiac events. One reason for this could be the fact that these indices ignore certain factors that may indirectly contribute to cardiac complications, such as difficulty in intubation, blood loss during surgery, infection, and many other events 16 . Another factor that limits the efficacy of the cardiac risk indices is that, frequently, 1 index is no longer adequate for a particular patient. One example is the index by Goldman et al 11 , which does not consider angina pectoris a risk factor, and, therefore, underestimates the chances of complications for a patient with that symptom. For that patient, the index by Detsky et al 12 or that by Larsen et al 13 would be more appropriate, because those indices give particular importance to the intensity of the anginal pain. In addition, the clinician in charge of the preoperative cardiological assessment should pay special attention to the type of surgical procedure performed, an item that has not been sufficiently explored in most multifactorial indices of cardiac risk.
Combining all this information in a preoperative assessment is a hard task that clinicians frequently try to tackle based on their personal experience. Recently, the American Heart Association/American College of Cardiology published guidelines to help the professionals in their mission 7 .
It is vital to stress, however, that our study had some limitations. One of them was the fact that all patients studied were referred for a cardiological evaluation for some reason. Even though this may have represented a selection bias, we believe that the rate of events in patients who had not been referred would be so low that we probably would not have significant results, unless we had a much greater sample. The fact that our patients had been referred may also have been the reason why the percentage of our complications (16%) was much greater than those obtained in other studies (3-4%) [11] [12] [13] . Our results are, therefore, more applicable to patients with a slightly higher risk rate than that in the general population.
Another limitation, and maybe the most important one, was the small number of patients studied. Certainly, with a greater case series, we would have detected a greater number of significant cardiac events, which would have increased the discriminating power of important events, and, possibly, the areas under the ROC curves for each cardiac risk index.
In addition to the already cited limitations, another difficulty was that, of all patients included in the study, 15.6% had their surgeries canceled after the clinical assessment. Of the 14 patients classified as Goldman's class III, 64.3% had their surgeries canceled, but of the 71 classified as Goldman's class I, only 11.3% did not undergo surgery ( fig. 1 ). This may have impaired our results, because, most patients with a high surgical risk did not undergo surgery, which prevented us from accurately assessing the predictive value of each cardiac risk index.
Undoubtedly, the most important function of this study was to emphasize the difficulty faced by clinicians in estimating the perioperative cardiac risk of their patients. Cardiologists are commonly asked about the exact percentage of cardiac risk of a certain patient undergoing a surgical procedure. Our study shows that this answer is complex and almost impossible to be given, mainly considering only the currently available cardiac risk indices. One should always remember that the purpose of the preoperative assessment is not to provide medical authorization for surgery or to provide percentages of risk. The preoperative assessment aims to analyze the patient's current physical status, to provide recommendations, and to establish a clinical profile of the cardiac risk that aids the patient, the clinician, the surgeon, and the anesthesiologist to better decide upon therapeutical management 7 . Until the ideal method for clinically establishing the chances of cardiac complications is discovered, studies about this area will always be welcome. 
